ABSTRACT Eight hundred broiler males were grown to 56 d and processed under common terms while maintaining individual identity. Front halves were deboned 24 h postmortem (PM) to obtain breast fillets, and CIELAB light reflectance was immediately measured on the skin side of each fillet. Fillets were bagged and held at 4°C for 24 h, and then 20 fillets exhibiting the darkest (47.3 to 57.5), lightest (71.1 to 76.4), and median (63.7 to 64.0) L* values were selected and trimmed to best define the pectoralis major. Remeasurement of light reflectance at
INTRODUCTION
More than 75% of further-processed chicken products are frozen for distribution. Many of these products are thawed prior to preparation. Ice crystals alter muscle cell integrity and enable fluid losses that vary with the nature of crystallization (Cunningham, 1975) . Separately, the color and appearance of meat are important aspects of quality (Van Laack et al., 2000; Qiao et al., 2001) . Light reflectance has been used to measure meat color, and the lightness (L*) of fillets is negatively related to the ultimate pH and moisture loss with refrigeration and cooking (Allen et al., 1998; Polidori et al., 2000; Qiao et al., 2001; Woelfel et al., 2002) . Alterations to fillets as a consequence of freezing and thawing have received little attention.
Preslaughter stress, sex, age, and genetics all influence fillet color (Fletcher, 1999; Berri et al., 2001) . Broilers have breast fillets with L* values that range from dark to light. Particularly light or pale fillets are usually of poor quality because of their soft character and extensive water loss, which is similar to the pale, soft, and exudative (PSE) condition in swine white muscle. The L* of fillets from 3 To whom correspondence should be addressed: emoran@acesag. auburn.edu.
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48 h PM revealed decreased L* values solely associated with fillets having the highest L* at 24 h. One-half of the fillets representing each category was frozen (4 d at −20°C) and thawed (3 d at 4°C). The L* value, after thawing, decreased from the 48 h PM value, which equivalently occurred in for all L* categories. Although 48 h PM fillets from each L* category were of similar weights, their lengths and widths increased with L* value. Exudate lost with thawing increased with L* value and paralleled decreases in length and width to equalize dimensions among sources.
broilers has been shown to increase after death (Qiao et al., 2001; Petracci and Fletcher, 2002; Alvarado and Sams, 2003; Molette et al., 2003) and generally plateau by 24 h PM (Owens and Sams, 1998; Woelfel et al., 2002) . Cooking results in a substantial increase in L* value as well as considerable reduction in the variance of values from the raw state (Fletcher et al., 2000) . Alteration to light reflectance associated with freezing and thawing are unknown. The objective of present experimentation was to recover fillets from an entire population of broiler males having a controlled background, and then remove samples having L* values corresponding to the median and both extremes for evaluation of changes with freezing and thawing.
MATERIALS AND METHODS
Eight hundred male, Ross × Ross 308, 1-d-old chicks were randomized into 32 floor pens of an open-sided house having thermostatically controlled heating, curtains, and cross-ventilation. Each pen had fresh pine shavings and was provided 24 h lighting for access to feed and water ad libitum. All birds received common cornsoybean meal feeds as crumbs from placement to 21 d of age and whole pellets from 21 to 56 d. Nutrient levels in all feeds exceeded NRC (1994) recommendations. Wing banding at 14 d enabled monitoring of performance on an individual basis throughout experimentation. At 56 d of age, all birds were caught, placed in transportation coops, and then held 14 h prior to slaughter. Online processing was performed in a scaled-down version of a commercial plant that involved a 9-min kill line followed by a 7-min evisceration line. Warm carcasses were static chilled in slush-ice for 4 h, and then depot fat was removed from the abdominal cavity. Front halves from all carcasses were held in flaked ice until deboning the following day. Removal of the fillets (pectoralis major) and tenders (pectoralis minor) was accomplished using stationary cones and commercial personnel. Removal of breast fillets from the chilled carcass was delayed until 24 h PM to finalize rigor and provide stable light reflectance values.
Fillets originating from the right side of the carcass were scanned immediate to deboning (24 h PM) using a hand-held Miniscan spectrocolorimeter 4 (illuminant D65, standard 10°observer) that recorded on the CIELAB (L*a*b*) scale. Readings were performed at the thickest part of the muscle on the surface that had been adjacent to the skin. All fillets were placed in polyethylene bags with identifying wing band and held overnight at 4°C. The next day (48 h PM) 60 fillets were selected from the entire population corresponding to those (n = 20 fillets in each category) having the median, highest, and lowest L* values from the previous day's measurements [L*(24 h)]. These selected fillets were trimmed of tissues other than pectoralis major, then weight and dimensions (maximum length, width, and depth) were measured, and light reflectance was repeated at the same site. Ten fillets representing each category were individually quick frozen in polyethylene bags at −20°C and held for 3 d. Frozen fillets were individually wrapped in absorbent paper and then rebagged in their polyethylene bags and held for 3 d at 4°C to thaw. Measurements of weight, dimensions, and light reflectance were performed following earlier procedures after thawing.
Light reflectance measurements at 24 and 48 h PM as well as those on thawed samples were analyzed as repeated measures by using the MIXED procedure of SAS software (2001) . ANOVA statistically assessed the influence of L*(24 h) and L*(48 h) on fillet weight and dimen-4 HunterLab, Reston, VA.
sions. Pearson's correlation coefficients and probabilities were generated using the correlation procedures of SAS software (2001).
RESULTS AND DISCUSSION
Fillets expressing PSE-like problems are most likely to appear with broiler males at heavy weight (Berri et al., 2001) . To encounter such problems, males were grown to 8 wk of age under optimal conditions. Final performance was particularly favorable (Table 1) as were yields of fillets and tenders (Table 2) .
Measurements were performed on the skin-side of fillets at the thickest point to limit surface scatter and background influences. Values represented averages of L*, a*, and b* for fillets from the total population of 718 broilers. L* value is highly correlated with PSE-like problems and poor water-holding capability (Allen et al., 1998; Woelfel et al., 2002) . L* values for the entire population of fillets were normally distributed over a wide range (Figure 1 ). Selection from this population provided fillets corresponding to L* values at the lightest and darkest extremes together with median that is defined as normal (Table 3) . Corresponds to a single measurement located at the thickest portion of the muscle on the skin side of fillets from the right side of each carcass. Unavoidably, the range of L* values at the extremes was more extensive compared with the median. The observed median value for L* of 63.8 was considerably greater than 52.4, which was obtained by Petracci et al. (2003) from measurements on 6,993 samples at 6 h PM from a commercial broiler deboning line. Their reduced value is likely due to an overall lesser live performance together with diversity of age and inclusion of both sexes. Moreover, most studies measure light reflectance readings in the bone-side of the breast fillet, whereas in our study they were measured in the skin-side surface of the muscle. Unpublished results from previous experimentation have shown that L* is higher by an average of 5 units in the skin side than in the bone side of the breast fillet.
Fillets from the total population were measured immediate to deboning (L*24 h) and then refrigerated for a subsequent 24 h (48 h PM) to enable data entry for sample selection. Once selected samples were retrieved from the population, light reflectance measurements were repeated (L*48 h) at the same site (Table 4) . L*(48 h) values of samples corresponding to dark and normal fillets agreed with their earlier measurements; but, a significant reduction occurred with those having the highest L* values and lessened their difference from those defined as normal (Table 4 ). In parallel, redness (a*) was reduced in the lightest fillets and slightly increased in the normal and dark ones, whereas yellowness (b*) was increased in all fillets.
The L* values of broiler and turkey pectoralis major muscles rapidly increase during the first hours PM (Qiao , 2001; Petracci and Fletcher, 2002; Alvarado and Sams, 2003; Molette et al., 2003) then remain unchanged beyond 24 h PM (Owens and Sams, 1998; Woelfel et al., 2002) . Little information exists on the progression of L* value beyond 24 h PM. Petracci and Fletcher (2002) studied breast meat L* values from intact carcasses and observed increases in L* values until 192 h PM. If, however, fillets were removed and stored in plastic bags, then L* values increased until 12 h PM and moderately decreased thereafter. Conversely, Le Bihan-Duval et al. (1999) reported that fillet L* values remained unchanged after deboning at 24 h PM and throughout refrigeration at 4°C for up to 6 d, whereas b* values increased from the time of their removal from the carcass to d 3. Fillets used for experimentation had been randomly obtained from a population and were unlikely to include those having the highest L* values. Owens et al. (2000) noted that L* values of PSE-like fillets decreased during storage at 2°C for 24 h, whereas increases were apparent with normal fillets. Stabilization in light reflectance values by the pectoralis major seems to be dependent on its removal from the carcass, whereas those having particularly high L* values seem to be particularly subject to change.
Fillets corresponding to the lightest, darkest, and median L* categories slightly reduced their L* values at a similar rate after freezing and thawing compared with measurements at 48 h PM (Table 5) . Lyon et al. (1976) did not observe differences in Hunter L* values of breast fillets among samples kept fresh and those frozen for 6 d and then thawed. In present experimentation, an increase in a* value was observed such that the darkest fillets increased to a greater extent than the lightest. An increase in b* value was observed equally in all categories. Pearson correlation coefficients among the light reflectance values at 24 and 48 h PM and thawed samples illustrates that most are significantly related to each other (Table 6 ). Unpublished results from previous experiments on thawed fillets from a similar population that had been held frozen for 5 mo in vapor-permeable plastic bags differed from present results after short-term storage. A reduction in L* values was apparent with the lightest fillets, and an increase occurred with the darkest ones, whereas no changes were apparent in those at the median. Both a* and b* values increased, but the increase in a* value was less extensive with the lightest fillets than darkest. All extremes yielded similar values as encountered in the present experiments. The differences between ex- Values within a column without common superscript are significant different (P ≤ 0.05).
x,y
Values within a row without common superscript are significant different (P ≤ 0.05). periments are likely due to interim changes in the meat surface while in frozen storage.
Losses with thawing increased on absolute and relative bases with fillets from the darkest though normal to the lightest fillets even though their total weights were similar (Table 7 ). In practice, considerable variation exists for these losses, and values from 2 to 18.5% are possible depending on conditions and duration of thawing (Crigler and Dawson, 1968; Jakubowska et al., 1997; O'Neill et al., 1998; Zocchi and Sams, 1999) . The relationship between L* value and water losses of fillets during Values within a column without common superscript are significant different (P ≤ 0.05).
Values within a row without common superscript are significant different (P ≤ 0.05).
1
Each value is represented by measurements on 10 fillets from each L* (24 h) category. refrigeration and after cooking is well established (Allen et al., 1998; Le Bihan-Duval et al., 1999; Polidori et al., 2000; Woelfel et al., 2002) . The present results extend this relationship to thawing losses once frozen. The pectoralis major essentially has its myofibers oriented in parallel with fillet length, whereas width and depth relate the accrued diameter of their total. Thus, losses with thawing may translate into structural alterations that differentially affect muscle dimensions. Although fillets had similar weights, the length and width progressively increased with the increased L*(24 h) of Pearson correlation coefficients (r) and probabilities of 24 h postmortem (PM), 48 h PM, and thawed breast fillets for lightness (L*), redness (a*), and yellowness (b*) 24 h PM = color variables were measured 24 h postmortem; 48 h PM = color variables were measured 48 h postmortem; Thaw = color variables were measured on thawed fillets. **P ≤ 0.01; ***P ≤ 0.001. Values within a column without common superscript are significant different (P ≤ 0.05). Values within a column without common superscript are significant different (P ≤ 0.05).
Each value is represented by measurements on 10 fillets from each L*(24 h)-category.
2 48 h PM = measurements were performed on breast fillets 48 h postmortem; Thawed = measurements were performed on fillets that were frozen for 4 d at −20°C and thawed at 4°C for 3 d.
*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. L*24 h PM = L* value measured 24 h postmortem (at deboning); L*48 h PM = L* value measured 48 h postmortem; L* thaw = L* measured on thawed fillets. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001. each category, whereas maximal depth remained similar (Table 8) . These initial differences in dimensions and additional thawing loss with the lightest fillets confirm their exudative character. After being thawed, differences in fillet dimensions among the L* categories existing prior to freezing were no longer discernible. Pearson correlation coefficients for L* values (Table 9) as well as the regression coefficients that further include a* and b* values (Table  10 ) all indicate a meaningful relationship of light reflectance to fillet dimensions and thawing losses, regardless of when the measurements were performed.
As the yield of breast meat increases among so-selected broilers, myofiber number of the pectoralis major does not appear to increase as much as their length and size . Such large fibers have a decided advantage in glycogen content that appears to support an extended decline in ultimate pH (El Rammouz et al., 2003) and appearance of PSE-like physical characteristics that correlates with L* value . The only fillets to decrease L* values during refrigeration from 24 to 48 h PM were those having a particularly high value to suggest an accentuated interim weep loss; thereafter, alterations to fillet dimension and losses were related to concurrent L* values. Given the ease of conducting light reflectance, online measurement may be commercially feasible as a means to segregate fillets appropriate to use.
